Introduction
The RLW equation u t + u x + εuu x − µu xxt = 0,
was formulated by Peregrine as an alternative to KdV equation for studying soliton phenomenon with boundary conditions u → 0 as x → ±∞ [1] . In the equation, ε and µ are positive constants and u, x, t denote the amplitude, spatial and time coordinate, respectively. In this study the RLW equation will be considered with boundary condition over the space region as u(a, t) = u(b, t) = u x (a, t) = u x (b, t) = 0, t ∈ (0, T ]
and the initial condition u(x, 0) = f (x) (3) will be defined in the numerical experiments section. Since the RLW equation has been solved analytically only for restricted set of boundary and initial conditions [2] , the numerical solution of the RLW equation has been the subject of many papers over the last few years [3] - [7] . In this paper, the purpose of this study is to obtain numerical solution of the RLW equation based on the application of Crank Nicolson methods for the time discretization and cubic trigonometric B-spline Galerkin method for the space discretization using different two linearization techniques.
Cubic Trigonometric B-spline Galerkin Method
For computational work, the space-time plane is discretized by grid with the time step ∆t and space step h. The exact solution of the unknown function at the grid points is denoted by u(x m , t n ) = u n m , m = 0, 1, . . . , N ; n = 0, 1, 2, . . . where x m = a + mh, t n = n∆t and the notation U n m is used to represent the numerical value of u n m . For the space discretization, the space domain [a, b] is discretized into partitions of N finite elements of equal length h by the knots Using the Crank-Nicolson method for the time discretization of the RLW equation, we have
(4) Using the recurrence relation given in [8, 9] , the cubic trigonometric B-spline functions are defined at these knots as
where
Since from (5) each cubic trigonometric B-splines covers 4 intervals, each element [x m , x m+1 ] is covered by four splines. Therefore over the element [x m , x m+1 ], an approximation to the exact solution u(x, t) in terms of cubic trigonometric B-splines can be written as
Using (5) and the trial solution (6) the values of U m = U (x m , t) and their first two space derivatives at knots can be written in terms of the parameters δ m as
Linearization Technique 1 (CN1)
Applying Galerkin method to Eq. (4) with weight function W (x) and identifying the weight function W (x) with the cubic trigonometric B-spline T m and using the expression (6), a fully discrete approximation for the RLW equation is obtained over the element [x m , x m+1 ] as m+2 j=m−1 
The 4 × 4 element matrices A e , B e and D e are independent of the parameters δ e and 4 × 4 × 4 element matrices C e depends on the parameters δ e . Combining contributions from all elements lead to the nonlinear matrix equation
After the first and last equations are deleted in the system (12), imposition of the boundary conditions U (a, x) = U (b, x) = 0 at the both ends of the region yields to eliminate δ 
Linearization Technique 2(CN2)
The nonlinear term in (4) is approximated by the following formula based on Taylor series:
Using this approximation and applying Galerkin method by using the expression (6) in (4), a fully discrete approximation is obtained over the element [x m , x m+1 ] as m+2 j=m−1 
where the element matrices and element parameters are
Assembling together contributions from all elements leads to the matrix equation 
Numerical Experiments
Since an accurate numerical scheme must keep the conservation properties of the RLW equation, we will monitor the three invariants of numerical solution for the equation corresponding to conservation of mass, momentum and energy given by the following integrals [10] :
Integrals for the conservation invariants are computed approximately with the trapezoidal rule for the space interval at all time steps. For the first test problem, accuracy of the proposed algorithms is worked out by measuring error norm L ∞
and the order of convergence is computed with fixed space step by the formula
where u is the exact solution and U ∆tm is the numerical solution with time step ∆t m . 
where v = 1 + εc is the wave velocity, 3c is amplitude of the solitary wave,x 0 is peak position of the initially centered wave and k = εc 4µv . This solution corresponds to a solitary wave of magnitude 3c, initially centered on the positionx 0 propagating towards the right across the interval [a, b] over the up to the time T without change of shape at a steady velocity v. After the program is run up to time t = 20 with fixed space and various time step, error norm L ∞ , invariants, Cpu time and Order of convergence for the proposed algorithms are presented in Table 1 . 
Interaction of Two Solitary Waves for RLW Equation
We consider interaction of two solitary waves using the following initial condition
where 
Conclusion
In this study, two numerical algorithms for the numerical solution of the RLW equation have been presented using Galerkin method based on cubic trigonometric B-splines as weight and trial functions for space discretization and Crank Nicolson method for time discretization. To compare all the proposed methods, CN2 gives accurate, reliable results and less Cpu time for the RLW equation. Also all of the methods have an advantage due to their small matrix operations. Therefore, the obtained results show that proposed algorithms, exhibit high accuracy and efficiency in both conservation of the invariants and error norm for the numerical solution of the RLW equation. 
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